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~ . iritrOdUCtiori 
The giob~] b{o_~eochemica] cycle of carbon is a very comp]icated hi_~~hly nonlinear 
nalural system, and car'oon is cyc]ed g[obally In the i~orm of carbon dioxide (C02) and other 
related compouncis anlong various reservoirs. On a time scale oi' few hundred years, the global 
carbon cycle is composed ol thrce main reservoirs; the atmosphere, the ocean, ar]d the biosphere. 
!n addition io ~he analyses and examinations of ihe C02, analysis and interprelaiion o~ the 
measuTe~~ents of isotop~c ratit)s o~ ~tmospheric C02 ha~/e been expecte~ io be able io 
discriminaie carbon exchanges among the reservoirs. Variations of IsC/12C isolopic raiio ( ~ IR'C) 
or the atmospher]c C02 h~ve been studied as a very usei~ul tracer in distinguishing between the 
aimosphere-biosphere ar)d the almosphere-ocean fluxes, since these two exchange processes 
involve different fractionation efl'ects. On the other hand, the lxO/]60 isotopic ratio ( ~ lgO) ol 
atmospheric C02 has not been exploired to ihe same exieni in trylng to obtain a better 
understanding of the globai carbon r_yc]e, and various paihways of anthropogenic C02 among ~he 
carbon reservoirs. One of the main reasons for this is thai the mechanisms of processes 
governing the observed variations in the oxygen isotopic ratio of atmospheric C02 are very 
complicated and not very wel[ undersiood. 
In this study, ~a new &wo-dimensiona] multibox model of the global biogeochemicai 
cycle of carbon has been developcd lo fully exploi~ the properties of the isotopic fractionatior] 
processes of carbon and oxygen lo increase our understanding of the exr_hange processes among 
these three reservoirs. ~t is a multibox globai caTbon cycle model, which is much easier to use 
lhan more complicaied iwo-dimensional and three-dimensional dynamical models of l~e g]obal 
carbon cycle, and which is easy to ir]vestigate and gain insight into the basic mechanisms related 
to various carbon exc~ange proces ses among tile globa{ reservoirs. 
2. Modei DeSCription 
The atmospheric component of the model was divided into six boxes, ihree for each 
hemisphere. ID each of the sout~ern and northern hemispheres, one box represer]ted lhe high 
latitude region, anoiher one the mid latitude region, and the third one the [ow latitude region. 
The transport in the atmosphere was paramelerized as a diffusive process in the modei, with 
diffusion coefficients determined f~rom the observed lalitudinai dislribulion ol' atmospheric CFC-
i I (trichlorofluorocarbon; CFC13). The oceanic component was represented by a two-
dimensional advective-diffusive model. Both the advection and diffusion were specified. These 
parameters of internal mixing in the ocean were caiibTated with the observed vertical and 






















































A fill! set of equations representing all the isotopic frac~ion~tion ~rocesses were 
incorporated into the model. As causes or change of ~ IsO in atmospheric r*02, the oxygen 
isotope exchanges of C02 with walers in the terres~rial biosphere and the oceans ~','ere considered. 
3. ObSe~Vationai Dat~ and Cu~V8 Fittin~ ,r~~~rOC8dUreS 
In this chapter, the daia for the C02 concentration and i~s carbon and oxygen isotopes 
*~sed in this rr;*odei siudy, were described. Also ~he curve fittin_~ me~hod app iied ~o the observed 
data seis of C02 and CFC-1 1 were expiained- The method was a digiial filtering technique 
~ncluding Reinsch-type cubic spline, Fourier harmonics, Iinear ii~terpo!a&ion a~=d ~utterworih 
tiite~, to derive ti~e fitle~ curve lo ihe observed data ~s we}~ ~is ~~..* se~,ar~te ~he se.ason~~l, 
i~~.~raannual and secu~ar variatio~~s i~rom their da~~ 
4. ReS~!!tS and DiSCuSSiOn 
To investigate the modei response to anthropogen[c C02 increase moaei ~ntegra~lon 
~/as performed frorri* the beginniog of the indvstrial revo[ution to ~l~e presen~ time, ~.e., from 1 740 
~o i989. The mode~ predicted a C02 uptake by the ocean of about 2.4 GiC yr~1 for the i980-1989 
period, which is regarded as an upper limit of ihe cu:rrent esti*~nate for ocean uptake. The 
observed dilution of ~ 13C i~l the atinosphere a~d the mixed ocea~ layer dve to an~hropogenic 
C02 emission in~o the atmosphere was recons~ruc~ed qui~e satisfactorily by the model. From the 
Industrial revolLl~ion to the present time, the secular change of ~ IsO in ~tn~*ospheric C02 due to 
 fossil fvei burriing aione was estirnated to be about -0.4yOo. ~i is cornparabie in m?･.gni&ude to the 
observed inte~annL~al varia~ion ir] Ihe atmospheric ~ i80 measuremerits. 
The lati~udinai non-fossil fuei emissions were estirn~ted by dec_onvo~uting the long-term 
-02 trends observed at P~. Ba,row (71' N), Tvi.auna Loa (20' N~, S**moa (~4' S) and the South * 
Poie (90' S) from 1978 to 1993. }nterannual varia~rlity in a:~mospheric C02 related to ENSO (Ei 
Nino-Sou~hetn Oscillation) evenis was altri~utable to an imbalance of ~J-02 exchar~ge betweer] 
~he atmosphere and the terreslrlal biosphe~e. ~/~odel resul~s indic~ied ~h~t ~he observed low 
growth rate in the global C02 concentra~ion in the atmosphere trom n~id ~991 on could have 
been caused by an enhancement of C02 uptake in ihe northern hei~isphere, in con_junction with 
a reduction in ~he C02 release ~n the southerFl hemisphere. It was shown_ tha~ the latiLudinal 
distributions of ~ IsO are mainfy determined by the C02 exchange bet~~!een the atmosphere and 
the blosphere as well as by the lowering of ~ IsO in ihe northern hernisphere by fossil fuel 
emission. 
The modei also simuiated we]i the overall characteristlcs of the seasonai cycles of C02 
and its isotopes. The results indicated that unlike the seasonal cycles of the C02 concentra~ion 
and ~ 13C, the seasonal cycle of ~ 180 is Influenced by the seasonal v~rlatlon of ~ 180 In soll 
water. The importance of atmospheric transport in seasona~ cycle simulation of the oxygen 
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isotope was also identified. 
5. Sensitivity Analysis of the MOdel 
Sensitivity of the model simulations to certain specified changes in the model transport 
parameters in the oceanic and atmospheric components was also investigated. Five perturbation 
experiments were conducted to explore the degree of impact on the model result to systematic 
changes in the advective and diffusion parameters In the ocean. It was found that proper 
parameterization of the vertical diffusive process is very important. Constant diffusion 
coefficients in general seemed to fail to simulate the observed vertical profile of A 14C 
distribution, particularly in deep water. A vertically varying diffusion coefficient seemed to 
provide a better fit to the observed profile, but its form was very important. Penetration of 14C, 
and therefore of anthropogenic C02 , depended more crucially on vertical diffusive process than 
on advection. 
In the atmospheric component, two experiments were conducted, one with annualiy 
averaged diffusion coefficients, and the other with seasonally varying coefficient values. From 
these experiments, it was found that changes in the atmospheric transport parameters do not 
appear to significantly alter the atmospheric distributions of C02 and 6 13C. They were 
predominantly determined by the source/sink flux distribution. However, when the atmospheric 
gradient was large, as was the case with 6*80 In the northern hlgh latltude reglon Its 
distribution seemed to be sensitive to changes in the diffusion coefficients. 
6. ConciusiOnS 
A new two-dimensional muitibox modei of ~.he global biogeochemical cycle of car'oon 
has been deveioped and a tul] set of equations represen~ing al~ the isotopic fractionation 
processes were incorporated into the model. The following ccnciusions were obtained in this 
study. 
{1) The observed dilution of ~ 13C in ~f** a~~T~o pnere and ~e ~T~lxed ocean 1~~y*r Ci~e ~o 
anthropogenic C02 emission into the atmosphere Y/ere simulated by ~he model, deconvoiutii~g 
giobal atmospheric C02 concentralion history. 
(2) The latrtudlnal distrlbutro~ of ~-~ 180 i~* f_,.~~~~~-*p~eri~ r_02 c.o&~~d be mainly de~~rr~i~*d 
by the C02 exchange with soil waier and piant *~~ater in ~~*e bicsphere. 
(3) Observed seasonal variation of ~ =sO ~s i~~~~"*nc~d by ~h-*_ ~e~sonal varia~io~~ *~?f ~ 
*RO in soil water and it w~s shown th~_i tb_e atmospheric s.ransport is ~+'~npoTtant to s;m~~~~'*-*- ~he 
observed seasonal variation. 
(4) A vertically varying diffusion coefficient provided a better fit to the observed 
profile, but its form was very important. Penetration of ~'C, and therefore of anthropogenic C02, 




























(5) When the atmospheric gradient was large, as was the case with ~ ~sO in the northern 
high latitude region, its distribution seemed to be sensitive to changes in the diffusion 
coefficients. 
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 論文審萱の結果の要旨
 化石燃料の使用や森林伐採などの人間活動によって大気に加えられるCO2は一・部大気に残留し、
 他は海洋や生物圏によって吸収される。その収支の実態と機構を定量的に解明することは、将来
 の濃度増加の予測等に不可欠であり、大きな関心事となっている。
 本論文においては、大気、海洋、生物圏間のCO2交換(CO・循環)を記述する2次元マルチボ
 ックスモデルを新たに開発し、全CO2濃度と並んで同位体比δ1給およびδ1蛉の交換を同時に取
 り扱うことによって、従来とは異なる知見の得られることが示されている。すなわちδ13Cを用い
 ることによってCO2濃度変動の原因が海洋との交換によるか、生物圏との交換によるかを識別で
 きることは従来から指摘されていたが、さらにδi恰を用いることにより、生物圏との交換が植物
 の呼吸によるか土壌有機物の分解によるか、等が識別できることがはじめて示された。これによ
 り、(〕0ユ濃度やその同位体比δ13C、δ180の時空間分布の観測結果がよく説明され、また、森林
 破壊によるCO2放出が森林自身の再吸収によってほぼ相殺されているなどの重要な知見が得られ
 ている。これらの内容は、著者が自立して研究活動を行うに必要な高度の研究能力と学識を有す
 ることを示している。よって石澤みさ提出の論文は、博士(理学)の学位論文として合格と認め
 る。
 一174一
ム
